Background and Purpose: Environmental factors might influence the pathogenesis of Parkinson's disease (PD) or multiple-system atrophy (MSA), and previous examinations of pesticide exposure, well-water drinking, and farming have produced inconclusive results. Because agriculture has been of considerable importance to Korean society, and hence the risk of exposure to pesticides was high in Korea, this study investigated whether such exposure is associated with elevated risks of developing PD and MSA.
INTRODUCTION
Parkinson's disease (PD) is a progressive neurodegenerative disorder that is characterized by preferential degenerative changes of dopaminergic neurons in the substantia nigra pars compacta and the appearance of Lewy bodies. In most cases the specific cause of PD is not known, but there have been suggestions that both genetic and environmental factors are involved. However, familial parkinsonism is rare, 1 and genetics appears to play only a minor role in sporadic PD. The discovery that parkinsonism is induced by the neurotoxin MPTP 2 prompted searches for other PD-inducing environmental risk factors. Epidemiologic studies indicate that several environmental factors increase the risk of PD development, including exposure to well water, [3] [4] [5] [6] [7] [8] [9] rural residency, [3] [4] [5] 8, 10 farming, 7, 8, 10, 11 and contact with pesticides. 8, [10] [11] [12] [13] [14] Multiple-system atrophy (MSA) is a neurodegenerative disease that is characterized by parkinsonism, cerebellar dysfunction, and autonomic insufficiency. Although the etiology of MSA has not been elucidated, several studies have suggested that exposure to pesticides is associated with MSA. [15] [16] [17] Individuals can be exposed to pesticides either directly, such as by applying pesticides in agricultural, occupational, or residential settings, or indirectly, such as by drinking well water contaminated by pesticides. The associated epidemiological studies have varies considerably in terms of their regional and societal settings and the likely levels of exposure. Moreover, levels of environmental contamination by pesticides are likely to differ markedly by region and even more so between countries, because levels of human exposure in occupational or residential settings are influenced by both application methods and individual behaviors. Korea was originally an agricultural society, but rapid industrialization over the past 50 years has led to only 5~6% of the Korean population nowadays participating in farming. Nevertheless, many elderly men and women are likely to have been exposed to pesticides over prolonged periods of time. This study was undertaken to investigate the associations of pesticide exposure with PD and MSA in the Korean population.
MATERIALS AND METHODS

Subjects
The participants were recruited from Seoul National University Hospital, and comprised 235 PD patients, 133 MSA patients, and 77 normal health-screening controls. Only patients aged over 50 years were recruited because genetic factors are believed to play an important role in early-onset PD. PD was diagnosed according to the criteria of the United Kingdom Parkinson's Disease Society brain bank, although the criterion of a positive family history was not applied. 18 All MSA subjects were diagnosed as having probable MSA according to the Consensus Criteria. 19 
Procedures
Information was collected by trained interviewers during face-to-face interviews using a structured questionnaire. The questionnaire included detailed information on duration of participation in farming, farming type, tap-water and well-water drinking, number and severity of pesticide intoxications, number and severity of carbon monoxide (CO) intoxications, and smoking history. Data related to pesticides included the annual frequency of pesticide spraying and the duration of farming. The pesticides poisoning data included the number and severities of acute poisoning episodes. Mild, moderate, and severe poisoning was defined as the presence of symptoms such as headache, nausea, vomiting, dizziness, abdominal pain, diarrhea, and general malaise; visual disturbance, dysarthria, muscular spasm, bradycardia, and gait disturbance; and mental change, generalized seizure, respiratory difficulty, and hospitalization; respectively. Smoking was recorded in units of pack-years, defined as the number of packs per day times the number of smoking years. Enrolled subjects were classified as drinkers or nondrinkers, where drinkers were further classified into three groups based on the number of 360 ml bottles of 'soju' (containing 20% alcohol) consumed per day: <1 bottle, 1 or 2 bottles, and 3~5 bottles.
Statistical methods
SPSS for Windows (release 13.0) was used for all analyses. The chi-square test was used to compare categorical variables, and risk variables were used to calculate odds ratios (ORs). The categorical variables of well-water drinking history (both rural and urban), rural well-water drinking history, farming for longer than 5 years, positive pesticide history, and smoking more than 10 pack-years in Table 2 were derived from the continuous variables of age (year), duration of well-water drinking (years), duration of farming (years), frequency of pesticide spraying (per year), and smoking (pack-year) in Table 1 . Continuous variables were analyzed by the Kruskal-Wallis test, and categorical and continuous variables were analyzed using the chi-square test, t-test, and Mann-Whitney test. We used binary logistic regression analysis to identify factors associated with the development of PD or MSA. Statistical significance was accepted for a probability value of p<0.05.
RESULTS
The male/female ratios were 117/118, 68/65, and 38/39 in the PD, MSA, and control groups, respectively. Table 1 summarizes the characteristics of patients, including age, durations of well-water drinking and farming, frequencies of pesticide spraying, and amount of smoking. There was a history of well-water drinking in 156 (73%), 74 (62%), and 40 (52%) of the subjects in the PD, MSA and control groups, respectively. The duration of well-water drinking was greater in the PD group than in the control group (p 029 and p<0.042, respectively) . Three risk factors were found to be associated with the development of PD: a history of well-water drinking (p<0.001), a history of rural well-water drinking (p<0.018), and farming for more than 5 years (p<0.04). To perform logistic regression analyses, continuous variables were dichotomized into categorical variables using cutoff values close to the median or mean when variables were found to be significantly associated with developing PD. A combined variable was also analyzed, namely the product of farming years and the annual frequency of pesticide spraying, for which its OR for being greater than 30 was 1.089 [95% confidence interval (CI) = 1.004-1.180, p<0.086]. Table  3 summarizes the results of logistic regression analysis performed to identify the possible risk factors for PD and MSA. Smoking more than 10 pack-years prevented the development of PD (OR = 0.311), and each additional year of the age increased the risk of developing PD by 1.059-fold. After adjusting for age, binary logistic regression analysis showed that drinking rural well water for more than 10 years significantly increased the risk of developing PD (by 2.372-fold for each 10 year period), but no significant risk factors were identified for MSA development.
DISCUSSION
Consistent with previous reports, the consumption of rural well water 3, 5, 6 was found to be significantly related to PD in the present study. Koller et al. 4 concluded that well-water drinking was dependent on rural residency, whereas Zorzon et al. 7 found that well-water drinking is an independent risk factor for PD. A meta-analysis performed by Priyadarshi et al. 8 showed the overall risk of drinking well water to developing PD was 1.26 (95% CI = 0.96-1.64). Many studies have examined the relation between PD development and well-water drinking based on the presumption that pesticides can pollute surface water, groundwater, and soil in farming areas. The present study found that only rural well water was found to significantly increase the risk of PD development, with urban well water having no effect. This point supports the notion that pesticides can pollute rural well water. It is also possible that toxins and naturally occurring proteasomal inhibitors other than pesticides also pollute rural well water, and these substances have been occasionally associated with PD. [20] [21] [22] The development of PD was not correlated with a history of direct pesticide exposure, but it was weakly correlated with a longer history of farming and more frequent use of pesticides. These results are consistent with those of previous studies. 10 24 revealed a relatively consistent positive association between exposure to pesticides and PD. Korea has experienced rapid socioeconomic change over the past 50 years, changing from an agricultural to an industrial economy. Currently only about 5% of the Korean population is employed in the agricultural sector, and many elderly people now residing in urban areas were once involved in farming and thus were exposed to pesticides. These situations might play a role as a bias in our study. Smoking has repeatedly been found to be negatively related to PD development. 7, 10, 11, 13, 25 Hernán et al. 26 performed a meta-analysis of smoking and the risk of PD, and found that the ORs for PD development were 0.4 for current smokers (95% CI = 0.3-0.5), 0.8 for past smokers (95% CI = 0.7-0.9), and 0.6 for those who had ever smoked (95% CI = 0.5-0.6). Our results concur with these previous observations concerning the protective effect of smoking (>10 pack-years: OR = 0.311, 95% CI = 0.114-0.643). Choi 27 reported a moderate risk of the development of parkinsonism after CO poisoning. Soft coal has been the main source of heating in Korea since the late 1970s, and hence CO poisoning has long been identified as a serious problem. Although CO intoxication might be an environmental risk factor for PD development in Korea, we were unable to verify this due to the small number of cases of CO poisoning in our cohort. Much less is known about the etiology of MSA than about PD. Excessive oxidative stress, inflammatory mechanisms, and exposure to heavy metals and toxic materials have been proposed as risk factors for MSA, [28] [29] [30] but these suggestions need to be confirmed.
MSA and PD share a common pathogenesis (i.e., they are both synucleinopathies), which suggests that they have common causative factors. As for PD, the relation between pesticide exposure and the risk of MSA development is controversial, with some studies finding a positive association [15] [16] [17] and others a negative association. 31 In the present study, no relationship was found between environmental risk factors and MSA, and furthermore smoking was not found to affect the risk of MSA development. It does not appear possible to explain the developments of PD and MSA on the bases of environmental or genetic factors in isolation. However, studies on the interplay between environmental and genetic factors may well provide comprehensive explanations.
